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ABSTRACT
New spectroscopic observations of the chromospherically active binary, 42 Capricomi, have resulted in the
detection of lines of the secondary, improved orbital elements, and the determination of fundamental
properties of the components. 42 Cap has an orbital period of 13.174004 d, an eccentricity of 0.176, and a
mass ratio A/B of 1.375. No evidence for a variation of the center-of-mass velocity, suggested by earlier
investigators, has been found. Spectral types of the primary and secondary are Gl IV and G2 V,
respectively. The V mag difference of 1.94 and HIPPARCOS parallax result in Mv=2.19 mag for A and Mv
= 4.73 for B. The spectral type of the secondary implies a mass of 1.37 MQ for the primary and an orbital
inclination of 30°. The primary has begun its evolution through the Hertzsprung Gap and has a radius of
2.6 R© • Comparison with evolutionary tracks results in an age of about 3.7 Gyr for the system. The
subgiant has a log lithium abundance of 2.36, indicating that it is not a lithium-dip star. © 1997 The
American Astronomical Society. [S0004-6256(97)04812-7]

1. INTRODUCTION
42 Capricomi = HR 8283 = HD 206301 [a = 21h 41m
33.2s, 0 = - 14°02' 36" (2000), V = 5.18, B-V = 0.65] is
a bright chromospherically active binary whose spectroscopic duplicity has been known for 80 years. Lunt (1918)
discovered it to be a single-lined binary and published a
preliminary orbit. Over the next several decades additional
observations resulted in new orbital elements by Lunt
(1921), Jones (1928), and Sanford (1942), plus the conclusion that the center-of-mass velocity varied with time. The
most recent orbit is that of Abt & Levy (1976), although
Sanford’s (1942) is listed in the Eighth Catalogue of Orbital
Elements of Spectroscopic Binary Systems (Batten et al.
1989). Additional velocities were obtained by Beavers & Bitter (1986).
Roman (1952) and Keenan (Keenan & McNeil 1989)
have classified the system as G2 IV, while Houk (Houk &
Smith-Moore 1988) and Gray (1989) have classified it as
G2 V. The fourth edition of The Bright Star Catalogue
(Hoffleit 1982) lists the spectral type as Gl V + GO V, but in
the preliminary fifth edition (Hoffleit & Warren 1993) this
puzzling dual classification for a single-lined spectroscopic
binary has been superseded by the G2IV type. The subgiant
luminosity class for the primary is consistent with both the
ground-based parallax of 0.032"±0.009,/ (van Altena et al.
1995) and the just released HIPPARCOS parallax of
0.03073"± 0.00092" (ESA 1997).
Wilson (1976) first detected weak Call K emission.
Visiting Astronomer, Kitt Peak National Observatory, National Optical Astronomy Observatories, operated by the Association of Universities for Research in Astronomy, Inc., under contract with the National Science Foundation.
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which was confirmed by Young & Königes (1977).
Femández-Figueroa et al. (1994) presented a spectrum
showing the strength of the H and K emission and concluded
that the emission belongs to the component with the observed absorption-line spectrum. Because 42 Cap is a close
binary having Ca II emission, it was classified as an RS CVn
binary (Hall 1980), making it a presumed starspot variable.
An extensive analysis by Henry et al. (1995) enabled them to
detect low-amplitude variability having a maximum V amplitude of 0.017 mag and a mean period of 12.2±0.5 d.
42 Cap has been included in surveys of active stars at
various other wavelengths. Both Morris & Mutel (1988) and
Drake et al. (1989) found only upper limits for its radio continuum flux. From IRAS satellite observations, Yerma et al.
(1987) found it to be one of a number of RS CVn systems
that has a small infrared excess. Basri et al. (1985) obtained
and analyzed IUE spectra of its chromospheric and
transition-region emission lines in the ultraviolet. It was detected as a weak source of soft x-rays (Dempsey et al. 1993)
and is listed in The Second Extreme-Ultraviolet Explorer
Source Catalog (Bowyer et al. 1996) as a weak extremeultraviolet source.
In the present paper new velocities are combined with an
extensive number of previously published velocities to obtain significantly improved orbital elements of the primary,
component A, and a first orbit for the secondary, component
B. Those elements, additional spectroscopic and photometric
information, and the HIPPARCOS parallax are used to determine the fundamental properties and evolutionary state of
the components. The current results supersede previously
pubhshed preliminary results such as those given in the catalog of Strassmeier et al. (1993).
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Table 1. Radial velocities of 42 Cap.
Hel. J.D.
- 2400000

Phase

(kms-1)

0-CA
(kms-1)

46971.926
47309.993
47310.993
47312.995
48770.976
48772.001
48773.000
48774.005
48774.999
48912.783
49245.641
49248.791
49464.016
49621.679
49622.737
49674.611
49901.839
49970.771
49971.751
49972.800
50202.008
50361.675
50362.732
50400.632
50401.582

0.314
0.975
0.051
0.203
0.874
0.952
0.028
0.104
0.180
0.638
0.905
0.144
0.481
0.449
0.529
0.467
0.715
0.947
0.022
0.101
0.500
0.620
0.700
0.577
0.649

5.7
-28.5
-30.5
-10.2
-11.9a
-25.4a
-31.0
-25.1
-14.4
17.9
-17.7
-19.6
18.9
17.3
19.9
18.2b
12.6
-25.2
-31.5
-26.1
19.1
18.7
13.8a
19.7
17.3

-0.0
-0.0
0.0
-0.1
0.1
0.2
0.2
0.4
-0.4
-0.1
0.0
0.2
0.2
0.0
0.1
0.1
0.2
-0.3
-0.4
-0.2
-0.2
-0.1
0.0
-0.1
-0.1

VB
(kms-1)

0-CB
(kms-1)

37.6
37.9

1.3
-1.2

14.7
33.5aa
40.7
31.9
18.2
-27.7
20.1
24.0
-27.5
-27.1
-30.8
-27.9

1.1
1.1
0.7
-0.4
1.9
-0.1
-1.4
-0.4
1.0
-0.5
-0.7
-0.2

32.6
38.9
33.1
-29.8
-28.8
-20.8a
-28.7
-25.6

1.2
-1.1
0.3
-0.5
-0.1
1.0
1.4
1.2

COR (Fitzpatrick 1993). For component A, the wavelength
region between 6392 and 6444 Â has been cross-correlated.
In that wavelength region, however, the lines of B are so
weak that only the best 2 or 3 lines, chosen by visual inspection, were used to obtain its radial velocity.
3. ORBIT

Lithium region.
Ha region.

b

2. OBSERVATIONS AND REDUCTIONS
From 1987 June through 1996 November, 25 highdispersion spectrograms were obtained with the Kitt Peak
National Observatory’s (KPNO) coudé feed telescope, coudé
spectrograph, and a Texas Instruments CCD detector. The
vast majority of the observations are centered in the red at
6430 Â and cover a wavelength range of about 80 Â with a
resolution of 0.21 Â. One observation having the same wavelength range and resolution is centered at the Ha wavelength, and three are centered on the lithium line at 6707.8
Á. Most of the spectra have signal-to-noise ratios of 150200.
The velocities measured from the KPNO red-wavelength
observations were determined relative to ¿ Psc or 10 Tau,
two International Astronomical Union (IAU) radial-velocity
standard stars (Pearce 1957), whose velocities were taken
from the work of Scarfe et al. (1990). Velocity reductions
were accomplished with the cross-correlation program FX-

In addition to the new velocities listed in Table 1, 126
velocities of the primary have been obtained previously at
five different observatories. A period search of all the data
resulted in a period of 13.1740 d, in good agreement with
Sanford’s (1942) result. The older velocities were divided
into six data sets, and orbital elements were computed for
each one. Information about the data sets is briefly summarized in Table 2. Column 1 identifies the 7 sets, and column
2 notes the years covered in each set, while column 3 lists
the number of observations in each. Columns 4 and 5 give
the center-of-mass velocity found for each set and the zeropoint offset applied to the velocities, respectively. Column 6
gives the weight, determined from the variances, for the velocities in each set while column 7 lists the reference for the
original data. With the differential-corrections computer program of Barker et al. (1967), an orbital solution of the primary, computed with all the data appropriately weighted,
was compared to a solution computed for the KPNO CCD
velocities alone. Since the velocities of the older data sets
extend the baseline by 70 years but have weights ^0.02, it is
not surprising that while the error of the period was decreased by a factor of 5 in the all-data solution, the errors of
the other elements were not significantly improved. Thus,
with the period fixed from the all-data solution, the other
orbital elements for the primary and secondary were determined in a simultaneous solution of just the KPNO CCD
velocities. Velocities of the secondary were weighted 0.05
relative to those of the primary. The orbital elements of this
solution are listed in Table 3, while the KPNO CCD velocities are compared with the computed velocity curves in Fig.
1.
4. SPECTRAL TYPES, LUMINOSITY RATIO, MAGNITUDE
DIFFERENCE
The spectral types of 42 Cap were determined with a
spectrum-addition technique used by Strassmeier & Fekel
(1990). They identified several luminosity-sensitive and
temperature-sensitive line ratios in the 6430-6465 Â region

Table 2. Orbital solution results.
Data Set

Years

No.

y Vel.
(kms“1)

Ay
(kms“1)

Weight

Cape Obs.
Cape Obs.
Cape Obs.
Mt. Wilson/Lick Obs.

1917-1918
1920
1923
1917-1922
1935-1941
1968-1972
1980-1983
1987-1996

22
15
22
29

-4.3
-1.2
0.2
-1.3

3.0
0.0
-1.4
0.0

0.01
0.01
0.01
0.005

Lunt 1921
Lunt 1921
Jones 1928
Sanford 1942

21
17
25

-1.3
-1.5
-1.2

0.0
0.0
0.0

0.02
0.02
1.00

Abt & Levy 1976
Beavers & Fitter 1986
This study

KPNO
Pick Obs.
KPNO CCD

Reference
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Table 3. Orbital elements of 42 Cap.
P (days)
T (HJD)-1
y (km s )
-1
Ka (km s-1
)
Kb (km s )
e
(oA (degrees)
o)B (degrees)

13.174004±0.000016
2447863.626 ±0.027
—1.198±0.047
25.574±0.057
35.160±0.247
0.1763 ±0.0025
166.45±0.83
346.45 ±0.83

aA sin i (km)
a B sin i (km)
MaIMb
Ma sin33 i (Mq)
Mb sin i (M0)

45.60±0.10X 105
62.70±0.44X105
1.375±0.010
0.1692 ±0.0024
0.1231±0.0011

Standard error of an observation
of unit weight

0.22 km s

Orbital Phase
Fig. 1. A plot of the computed radial-velocity curves of 42 Cap compared
with the observations. Filled circles = A, open circles = B. Phase computed
from periastron passage.

and used them, along with the general appearance of the
spectrum, as spectral-type criteria. The spectra of G dwarf
and subgiant reference stars from the list of Keenan & McNeil (1989) were obtained at KPNO with the same telescope,
spectrograph, and detector as our spectra of 42 Cap. Comparison spectra were created with a computer program developed by Huenemoerder & Barden (1984) and Barden (1985).
Various combinations of reference-star spectra were rotationally broadened, shifted in radial velocity, appropriately
weighted, and added together to compare with the observed
spectra of 42 Cap.
The starting point for this determination was the G2 IV

600

650

spectral type of Keenan & McNeil (1989) for component A.
Although the spectra were similar in many respects, early-G
subgiants provided better fits to the critical line ratios of the
primary than did early-G dwarfs. Early-G dwarfs, however,
provided the best fit to the spectrum of the secondary. While
its weak lines make classification difficult from our spectrograms, the ratio of the components of the Fe I blend at 6400
Â was a useful discriminator. The best fit to the spectrum of
42 Cap (Fig. 2) is a weighted combination of ¡jl2 Cnc
(G1 IVb; Keenan & McNeil 1989), having [Fe/H] = 0.12
±0.052 (Taylor 1995), plus HR 483 (G1.5 V; Keenan &
McNeil 1989), having [Fe/H] = -0.004± 0.055 (Taylor

700
Pixel Number

750

800

Fig. 2. A red-wavelength spectrum of 42 Cap in the 6430 À region is shown as pluses. Superposed as a continuous curve are weighted spectra of HR 3176
(G1IV) and HR 483 (G1.5 V). The vertical axis is relative intensity. The rest wavelengths of several line pairs are identified.
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1994). A fit with K Del (G2 IV; Keenan & McNeil 1989)
used for the primary is nearly as good. Thus, the composite
spectrum is classified as G1IV + G2 V.
The resulting continuum-intensity ratio is B/A = 0.167.
Since the line strengths of the two standards are nearly equal,
this value is assumed to be the luminosity ratio and results in
a magnitude difference of 1.94 mag at 6430 À. Such a wavelength is about 0.6 of the way between the central wavelengths of the V and R bandpasses. However, since the colors of the two spectral-type reference stars are essentially
identical, the magnitude difference is independent of wavelength. Thus, AV = 1.94±0.1 mag, where the error is estimated from various best-fit combinations. The apparent visual magnitudes for the components are VA = 5.35±0.1 mag
and VB = 7.29±0.1 mag.
5. PROJECTED ROTATIONAL VELOCITY
The projected rotational velocity of 42 Cap has been determined in several studies. Huisong & Xuefu (1987) found a
v sin/ value of 5 kms-1 for A, while Pallavicini et al
(1992) computed an upper limit of 5 km s-1. From KPNO
CCD spectra Fekel (1997) recently determined the projected
rotational velocities of A and B to be 5.2 and 4.4 km s_1,
respectively. While the estimated uncertainty of the value for
A is 1 km s"1, the uncertainty of the value for B is larger, 2
km s-1. This is because, as shown in Fig. 2, the lines of B
are quite weak, making noise and blends with other lines
significant problems. Thus, its true v sin / value may be
somewhat smaller than this determination.
6. LITHIUM ABUNDANCES
Liu et al. (1993) and Pallavicini et al. (1992) found identical lithium equivalent widths of 49 mÂ. In a later paper
Randich et al. (1993) used a spectrum-synthesis analysis to
determined log e(Li)=2.1.
To measure the equivalent width of component A, a
double Gaussian was fitted to the blend of the lithium line at
6707.8 Â and the Fe I line at 6707.44 À, resulting in equivalent widths of 57 and 6 mA, respectively. The total equivalent width of the blend is identical to that measured by Pallavicini et al. (1992). Their lithium equivalent-width value is
smaller because they assumed a value of 14 mÂ for the Fe I
line. For the secondary the measured lithium equivalent
width is 9 mÂ.
The continuum-intensity ratio of 0.167 was used to correct the measured equivalent widths to true equivalent widths
of 66 mÂ for A and 63 mÂ for B. While the equivalent
widths are essentially equal, the value for B obviously has a
larger uncertainty, resulting from the weakness of the line in
the composite spectrum, possible blends, noise, and the large
correction factor.
The lithium abundances of the components depend critically on the assumed effective temperatures. Recently,
Flower (1996) provided updated Tef{-B-V scales. Guided
by the 15 — F color of 42 Cap, which is similar to those of our
reference stars, we assume identical effective temperatures of
5717 K for components A and B. Estimated errors for the

2750
effective temperatures are 150 K. According to Table 2 of
Soderblom et al. (1993), that temperature and the true
equivalent width result in log e(Li)=2.36 ± 0.3 (estimated
uncertainty) for component A. Component B has log 6(Li)
- 2.3±0.6.
7. DISCUSSION
Early observers questioned whether some of the orbital
elements of 42 Cap varied with time. After determining a
preliminary orbit Lunt (1921) obtained additional observations, noted that they did not fit the original orbit, and concluded that apsidal motion was present as well as a variation
in the systemic velocity. Luyten (1934) rexamined Lunt’s
(1921) observations but concluded that a single set of orbital
elements was consistent with all of the data. Jones (1928)
obtained 22 more observations at the Cape Observatory and
used all available data in another analysis of the orbit. He
concluded that there was no apsidal motion and no variation
in any of the elements except for the center-of-mass velocity.
Sanford (1942) combined 29 additional velocities with those
from the Cape Observatory and computed a new set of orbital elements. He opined that the systemic velocity probably
varies. Although Abt & Levy (1976) determined yet another
orbit for 42 Cap, they used the older observations only for an
improved period determination and did not examine the
question of whether the center-of-mass velocity is variable.
The KPNO CCD velocities cover a timespan of nearly 10
years, from 1987 June through 1996 November, although the
vast majority of the observations were obtained during the
past 4 years. In this data set there is no evidence for variation
in the center-of-mass velocity nor significant systematic
trends in the velocity residuals. In fact, the standard error of
an observation of unit weight is only 0.22 km s-1 (Table 3).
This value is 2-3 times smaller than the typical value found
for other orbital solutions in this series of papers and is the
best obtained so far. Beavers & Eitter (1986) obtained velocities between 1980 August and 1983 September while Abt
& Levy (1976) obtained velocities between 1968 July and
1972 June. Table 2 shows that the center-of-mass velocity
for each of those two data sets is in excellent accord with the
systemic velocity found for the KPNO CCD velocities. It is
concluded that there is no evidence for variation in the
center-of-mass velocity nor any of the other orbital elements
of 42 Cap.
As noted earlier, various expert classifiers have identified
component A as either a subgiant or a dwarf. From the width
of the Call K emission fine, Wilson (1976) found an absolute magnitude of the primary of V = 2.1 mag, making it a
subgiant. Henry et al. (1995) noted that the ground-based
trigonometric parallax also indicated that the primary is a
subgiant. The apparent visual magnitudes (Table 4) and the
HIPPARCOS parallax of 0.03073"±0.00092" (ESA 1997)
result in Mv = 2.79±0.12 mag and 4.73±0.12 mag for A
and B, respectively, confirming the subgiant status of the
primary. An assumed bolometric correction of —0.09 mag
(Rower 1996) for each star and a solar bolometric magnitude
of 4.75 mag result in LA = 6.61 ±0.73 L0 and LB = 1.11
±0.12 L0 . These derived properties are listed in Table 4.
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Table 4. Derived properties of 42 Cap.
mVA (mag)
mVB (mag)
Mva (mag)
Mvb (mag)

5.35
7.29
2.79
4.73

±0.1
±0.1
±0.12
±0.12

La (L0)
Lb (L0)
log(LA/L0)
log(Ls/L0)

6.61 ±0.73
1.11 ±0.12
0.820± 0.048
0.044 ±0.047

Ra (Rq)

2.58 ±0.16

The radius of the subgiant primary, computed from the
luminosity and assumed effective temperature, is 2.63 ±0.20
R0 • This value can be compared with that computed with a
second set of parameters. The mean rotation period (Henry
et ai 1995) and v sin i (Fekel 1997) produce a minimum
radius of 1.25 R0 for the primary. The spectral type of G2 V
for B implies a mass of 1 M0, resulting in a mass of 1.37
M0 for A and an orbital inclination of 30°. If the values of
the orbital and rotational inclinations are equal, the radius is
2.50±0.25 R0 • The excellent agreement with the radius
value computed from the primary’s luminosity and temperature supports the assumption that the orbital and rotational
inclinations are equal. The weighted average of the two determinations is 2.58±0.16 R0 (Table 4).
The radius of the secondary is presumably close to the
solar value. If this is the case, its v sin i — 4.4 km s-1 implies that it has a rotation period of about 6 days. However,
as noted previously, since the lines of B are so weak, it is
possible that its v sin i is less than the measured value. For a
radius of 1 R0, au sin i of 2 km s~1 is required if the
rotation period is equal to that of the primary.
The two main theories of orbital circularization and rotational synchronization (e.g., Zahn 1977; Tas soul & Tassoul
1992) disagree significantly on absolute timescales but do
agree that synchronziation should occur first. Although the
orbit of 42 Cap has not yet been circularized, the primary has
a rotational period, 12.2 d, that is only 10% greater than its
pseudosynchronous (Hut 1981) value of 11.1 d. That 42 Cap
has a significant eccentricity of 0.176 is not particularly surprising for a chromospherically active binary with a period
greater than 10 days. In the catalog of Strassmeier et al.
(1993), Fekel (1996) found 30 systems with orbital periods
between 10 and 20 days, 43% of which have eccentricities
greater than 0.05. In fact, the orbital period and eccentricity
of 42 Cap are very similar to those of HD 8357 = AR Psc, a
less massive and older double-lined chromospherically active binary studied recently by Fekel (1996).
In Fig. 3 the components of 42 Cap, plotted with their
computed luminosities and assumed effective temperatures,
are compared with several evolutionary tracks of Schaller
et al. (1992), having approximately solar metal abundance (Z
= 0.02). The positions of the components are consistent with
the assumed masses of 1.37 and 1.0 M© for A and B, respectively. Such a mass for the subgiant, places it halfway between the 1.25 M0 and 1.5 MQ tracks, giving it an age of
about 3.7 Gyr. Its position indicates that the primary has

log T(off)
Fig. 3. The components of 42 Cap compared with several different mass
evolutionary tracks of Schaller et al. (1992).
begun its evolution across the Hertzsprung Gap. Tracing the
star back to its position on the zero-age main sequence
(ZAMS) results in a spectral type of about F4 and an effective temperature of approximately 6700 K.
With such information in hand, it is of interest to compare
the lithium abundance of 42 Cap A to that of various F
dwarfs and G subgiants. Boesgaard & Tripicco (1986) found
that F stars in the Hyades with effective temperatures near
6600 K have lithium abundances that are a factor 30 or more
below those of hotter and cooler F stars. Such lithium-dip
stars have been found in clusters as old as 2 Gyr (Hobbs &
Pilachowski 1986). However, as seen in M67, by the age of
4-5 Gyr the lithium-dip stars have evolved off the main
sequence (Balachandran 1995). The derived mass of 42 Cap
A and its assumed ZAMS effective temperature suggest that
the ZAMS progenitor of the subgiant may have been slightly
more massive and slightly hotter than those stars in the
lithium dip (see Figs. 11 and 12 of Balachandran 1995).
Such hotter F stars have little lithium depletion while they
are on the main sequence. For 42 Cap A, its log e(Li) = 2.4
±0.3, corresponding to a depletion factor of about 6 relative
to its presumed ZAMS value, appears to rule out the possibility that it is a lithium-dip star.
Randich et al. (1995) presented preliminary results of a
survey of lithium in 71 field subgiants. For subgiants with
temperatures similar to 42 Cap A, they concluded that there
is a large spread in lithium at each spectral type. De Medeiros et al.’s (1997) eclectic sample of subgiants with 5 - F
colors similar to 42 Cap generally have significantly lower
lithium abundances. There are, however, one or two subgiants with similar abundances. Unfortunately, without information about the masses of the subgiants, those samples are
not particularly illuminating. The observed spread in lithium
abundance may just result from a mixture of lithium-dip and
non-lithium-dip stars.
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In his seminal work Iben (1967) used standard stellar
models to calculate lithium depletion due solely to dilution
for low mass, 1.0-1.5 M0, stars crossing the subgiant
branch. A depletion factor of 6 is predicted to occur close to
the base of the red giant branch, while almost no lithium
depletion is predicted at the subgiant position of 42 Cap A.
More recently, Deliyannis et al (1990) have computed detailed models for the evolution of surface lithium in metalpoor stars. Updated theoretical predictions of lithium deple-

tion in low-mass Population I subgiants and giants with
models that include rotationally induced mixing (e.g., Pinsonneault et al 1990) would be of great interest.
This research has been supported in part by NASA Grants
No. NAG8-1014 and No. NCC5-228 plus NSF Grant No.
HRD-9550561 and No. HRD-9706268 to Tennessee State
University. I thank G. Henry and S. Balachandran for helpful
suggestions.
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